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out of the votive.   The temperature also, though

still high., drops at the same time as the pressure.
and conditions are now more tolerable. We notice

that the piston is now rising, pushing out before it
the exhaust gas in the cylinder until just before
the piston reaches the top of the stroke the inlet-
valve opens. As the piston starts to fall oace
more we hear the exhaust valve closing, and see
streams of fresh cool mixture pouring in, through
the inlet valve.

We have, however, had enough, &nd are glad to
be able to clamber out again through the opened
inlet valve, and find that, in spite of the intense
heat to which we have been subjected, our clothes
are hardly singed. Actually, the time which has
elapsed since we entered the cylinder is about
one-sixteenth of a second* and the time during
which we were exposed to the maximum heat only
about one-sixty-fourth, so there was hardly time
enough for things to catch fire.

It will be noticed that during this period the
piston has made four strokes, or gone up and down
twice, corresponding to two revolutions of the
crankshaft', and that during this period it produced
power during only one of these strokes. There aiv
other ways of making such, engines work; one of
them* called the two-stroke cycle* is commonly
used in motor-cycle engines, but as it is hardly
used at all in aero engines we shall not deal with
it here.

As will be4 clear from the foregoing, when the
piston reaches the top of its stroke, there is still a
space left between the piston and the cylinder into
which the inflammable mixture is compressed
before it is fired by the electric spark. The pro-
portion between, the capacity of this space to the
total capacity of the cylinder is a very important
matter, for on it depends largely the thermal
efficiency of the engine, or the proportion of the
power in the inflammable mixture supplied to it
that it can turn into useful work.

COMPRESSION RATIO. This ratio is usually called
the compression ratio, and for most aero engines
is 'usually about 5} or o% so that the space left on
top of the piston ig about one-sixth of the total
capacity of the cylinder. IF it was higher than
this, Bay 10, the engine would have a greater
thermal cftieieney, but. unfortunately, there is a
trouble which prevents us making thib ratio as high
as we should like. This trouble concerns the petrol
used.

It lias been found that if the compression ratio
is* made too high the inflammable mixture in the
cylinder explodes very suddenly, imtead of burning
quietly, *ud uaftftrally thia sudden explosion cause*
very high pressure in the cylinder which, if allowed
to continue, inaj damage the engine. When this
happens it is often possible to hear a metallic
** pink '* from the engine, as if aumeoiie had tapped
the cylinder with a hammer. A largo mmiber of
experiments lutvt* been made with various kinds of

pL-trol, and uther hydro-carbons, to tind out what,
compression ratio they will stand before this effect.
which is called detonation, occurs, and a lot of
curious tliiiisrs have been found out about it.
It has been found that most hydro-carbons differ
very much from each other in this respect, that
some, such as bensol. will stand a really high com-
pression before detonating, but that many will
detonate at quite low compression ratios. Various
grades and 'mates of petrol vary quite a lot. but
they can all be improved in t his respect by adding
a very small percentage of a chemical substance
called tetra-ethyl lead. This substance, even in
minute quantities, enables the compression ratio
one can use with ordinary fuel to be considerably
increased, and it is a curious thing that nobody
knows why. There are a few other chemical sub-
stances known which act in a similar manner, but
none of them are nearly as i^ood as tetra-ethyl
lead.
So when one is designing a petrol engine one
of the first things to do is to settle what the com-
pression ratio is going to be. We naturally want
to make it as high as possible to improve the
efficiency, but If we make it too high the engine
may detonate. We get out of this difficulty by
settling a compression ratio and then specifying
the detonation qualities of the petrol that is to be
used with It.
The detonation quality of a petrol is specified in
ii very ingenious way in a laboratory which con-
tains an experimental engine. This engine is
arranged so that "by screwing the cylinder up and
down the compression can be varied while the
engine is running. The experimenter has a supply
of two hydro-carbons: one. called octane, which
will only detonate at a high compression ratio;
and one, called heptane, which detonates at a very
low one. He also has an appliance with which he
can mix these two together in any proportions he
pleases, and can supply them as fuel to the engine.
As they can be mixed together in any proportion
lie can make a mixture which will detonate at any
compression ratio he pleases,' from that of pure
heptane to that of pure octane.
So he finds out the compression ratio at which
the petrol he is experimenting with will just
detonate by running Ms experimental engine with
it, and then changes over to his octane-heptane
mixture, adjusts this until it just detonates at the
same compression ratio as the petrol, and then
ascertains th<* quantity of octane in the mixture.
In aviation petrols this is usually between 65 and
J>0 per cent, but it is not generally referred to as a
percentage, but as a number. For instance, if the
mixture contained 20 per cent of heptane and
i*0 per cent of octane, it would be said that the
petrol equivalent to this had an octane number
of SO. So the designer has only to specify the
octane number of the petrol it is desired to use,
and the user knows what sort of fuel he must buy.